Aroma composition is critical to the quality of distilled spirits while the alcohol concentration could have a great effect on the variety and content of aromatic substances. On order to clarify the effect of alcohol concentration on the formation of the aroma composition, volatile compounds in Crystal distilled grape spirits with different alcohol concentrations were analyzed using the Stir bar sorptive extraction (SBSE) technique combined with GC-MS. Characteristic aromas, principal components and odor profiles were also explored. Eighty-six compounds were identified in Crystal distilled grape spirits and 19 compounds were the same for the 4 samples with different alcohol concentrations. The species and contents of esters increased significantly along with the alcohol concentration increasing, while the acid content decreased. No significant change in the volatile alcohol and carbonyl contents was observed, and no terpene was detected in the spirits of 80%vol alcohol content. Fruity was the strongest aroma in the 6 aromatic series of odor, followed by floral and fatty. The 77%vol alcohol distilled grape spirits showed the most fragrant and balanced aroma.
Introduction
Aromatic and volatile compounds are important sensory indicators and quality parameters for alcoholic beverages (Janáčová et al., 2008; Saénz-Navajas et al., 2013) . Distilled grape spirits, which can be turned into brandy after vintage oak barrels and blending, have now become increasingly popular and important in the world (Soto et al., 2008; Zhang et al., 2013a) . Dn the whole, the imports and exports of distilled grape spirits have been increasing in the last 20 years in China (Customs Onformation China, 2016) . The type, content and sensory threshold of the aromatic substances are the primary factors that affect the quality of brandy. These factors also determine the flavor, representativeness and sensory quality of distilled grape spirits (Caldeira et al., 2002; Zhao et al., 2009) . Grape varieties, wine-making and distillation factors (such as the temperature, yeast and oak treatment) jointly influence the volatile substances in spirits (Fan et al., 2006; Satora & Tuszynski, 2010) . Aroma properties of grape spirits are attaching more and more attentions around the world (Diéguez et al., 2003 (Diéguez et al., , 2005 . Volatile compositions and sensory properties of spirits made out of other plant fruits, such as banana, cane and potato, had also been studied (Rota et al., 2013; Dkutsu et al., 2015) . However, the volatile composition of Chinese spirits is still an area that is under-researched (Zhao et al., 2012) .
Alcohol is a principal element of alcoholic beverages. Ot affects the sensory profile and is often used to classify alcoholic products (King et al., 2013) . No less than 8.5% v/v alcohol content is required for wine while the alcohol concentration in brandy is usually above 40%vol (King et al., 2013; Soto et al., 2008) . The highest ethanol content for spirits is 86% (v/v) (Porto & Decorti, 2010) . Alcohol in wine is known to reduce 'astringency' (Fontoin et al., 2008; King et al., 2013) ; to increase clarity, density and viscosity; and also could to provide a sharp mouthfeel. Low alcohol wine is often considered unripe with harsher tannins and has been criticized for lacking the fullness characteristics of a 'full strength' counterpart (Pickering et al., 1998) , while high alcohol wine is often thought to be riper with smoother tannins (King et al., 2013) . The effect of alcohol on the volatile aroma composition in wine has been reported (Knoll et al., 2011) , and studies of brandy aroma have mainly been focused on the change of components during the distillation process (Caldeira et al, 2016; Fiches et al., 2013; Geroyiannaki et al., 2007) . However, differences in the components in distilled grape spirits with different alcohol concentrations have not yet been reported.
The Shangri-La region includes 9 prefectures (or cities) in southwest China. Ot is currently considered to be an excellent area for high quality highland wine production (Figure 1 ).
Aroma characteristics and volatile compounds of distilled Crystal grape spirits of different alcohol concentrations: wine sprits in the Shangri-La region of China
With long sunshine duration (2000-2600 h), large diurnal temperature differences and relatively cold temperatures during the fruit maturation period, climatic conditions in this region are conducive to the accumulation of aromatic and phenolic substances in grape (Zheng et al., 2008) . Except that, the intense ultraviolet radiation is beneficial for fruit coloration. And the huge elevation gap (1700-3000 m) had created excellent conditions for the production of wine in different styles and characteristics (Wang et al., 2013) . Unlike most grape production areas of China, the climate in the Shangri-La region is relatively dry and rainless (Zhang et al., 2013b) . Moreover, brown and stony soil with abundant organic matter and pebbles is beneficial to root extension and plant growth (Zhang et al., 2008) .
Crystal grape is an important variety of Euramerican hybrid grapes for the production of distilled grape spirits in China. The Crystal grape in China is allegedly said to be introduced by 16 French missionaries in the 1940s. Ot is one of the varieties with the longest cultivation history, the widest distribution and the largest planting area in the Shangri-La region. On addition, it has the characteristics of high quality and yield, good flavor, wide adaptability, good resistance to drought, low temperature and disease (Zhang et al., 2015) .
On this study, the aroma components in Crystal distilled grape spirits with 4 different alcohol concentrations from Shangri-La region were analyzed. PCA was employed to determine the potential relationships among the measured parameters and to reveal the components that could be responsible for the aroma content in distilled grape spirits. The characteristic aroma and its variations were analyzed while the odor profiles were also evaluated. The objective was to analyze the influence of alcohol concentration on the aroma characteristics and volatile compounds in Crystal distilled grape spirits, hoping to provide a reference for the aroma quality improvement of distilled grape spirits in high altitude areas.
Materials and methods

Plant materials
The Dong-Feng Farm (24°18'23"E, 03°23'55N, 1431 meters above sea-level), which is located in the Mi-Le County, Yunnan Province, was taken as the experimental site. Grapevines were planted in 1995 and growth in a north-south line with the spacing of 1.5 m × 2.8 m. Drganic manure was applied under general management. Crystal grape materials were collected from the grapevines in July 15, 2014 when the grapes got ripe (with sugar content above 150 g/L).
Fermentation and distillation details
The Crystal grapes harvested in September, 2014 were firstly fermented into dry red wine, fermentation details were shown in Table 1 . Wines were then directly distilled in Alambic Charentais Pot Still (2-tons volume) without the addition of potassium metabisulfite. There were 3 stages in the distillation process, during which the alcohol content was advanced from 10%vol to 20-30%vol, then from 20-30%vol to 40-50%vol, finally from 40-50%vol to 60-80%vol. Then the original products of 3 different alcohol content ranges were mixed in different proportions in oak barrels to obtain spirits of certain alcohol concentrations (51%vol, 65%vol, 77%vol, 80%vol, respectively). All the spirits of different alcohol content were made from the same homogenized grapes, Crystal grapes. And the fermentation processes were carried out in the totally same containers and conditions in the Shangri-La Winery Co., LTD (Diqing Tibetan Autonomous Prefecture, Yunnan Province, China). Temperature was kept between 12-15 °C in the whole process. The distilled grape spirits were bottled in 750 mL bottles and preserved below 10 °C until analysis. For each kind of distilled spirits with 4 different alcohol concentrations, 3 bottles of the corresponding products were taken as biological repeats.
Chemicals and reagents
Pure standards were purchased from the Sigma-Aldrich Chemical Co. (Shanghai, China). The solvents were spectrophotometric grade from J&K Co. Ltd. (Beijing, China). The DB-Wax Gas Chromatograph Column was purchased from J & W Scientific, Rancho Cordova, CA. All other chemicals were of analytical grade.
Sample preparation with SBSE
The SBSE procedure was based on prior studies with some modifications (Delgado et al., 2010) . All samples with different alcohol concentrations were diluted to 11%vol, then took 10 mL sample after dilution into a 15 mL sample bottles with 2 g NaCl and 10 μL 2-Dctanol (internal standard). The closed sample bottles were placed on a PC-420D magnetic stirrer (Corning, New York, US) at room temperature for 60 min for extraction, and the rotor speed was 1100 r/min. After extraction, the stir bar (20 mm × 0.5 mm, GERSTEL, der Ruhr, Germany) was removed with a tweezers, then blotted with filter paper, and finally placed into a glass thermal desorption tube and extracting fiber was added. Samples were prepared in triplicate.
Gas Chromatography-Mass Spectrometry (GC-MS) analyses
Compound profiling was performed using an Agilent 6890 GC-MS system equipped with an Agilent 5975 mass spectrometer and an HP-ONNDWAX capillary column (60 mm × 0.25 mm) with 0.25-mm film thickness (J & W Scientific, Folsom, CA) as described previously (Varela et al., 2012) . The flow rate of the carrier gas (helium) was 1 mL/min. The temperature program was raised from 40 °C (3 min hold) to 160 °C at the speed of 4 °C/min, then from 160 °C to 230 °C at 7 °C/min, and held at 230 °C for 8 min. The operating conditions were as follows: capillary direct interface temperature, 230 °C; heater valve temperature, 245 °C; transfer line temperature, 255 °C, The trap temperature was set at -30 °C for starting temperature and then ramped to 255 °C at 40 °C/min. The samples were exposed to 270 °C and desorbed in the GC inlet at the flow rate of 45 mL/min for 4 min. The split ratio was adjusted to 3:1. The mass spectra were scanned at 70 eV in the acquisition mass range 45-450 amu at 1 s intervals. The filament emission was set at 0.2 mA with the ion source at 230 °C and a detector voltage of 350 V. Samples were analyzed in triplicate.
Principal Component Analysis (PCA)
PCA was performed and a correlation matrix was listed according to the correlation coefficients using XLStat software. Characteristic roots and their corresponding vectors were calculated and several of them were selected with accumulative contributions above 90%. Principal component values were calculated according to the standard values of relative content, characteristic roots and vectors. A scatter diagram was then produced.
Statistical analysis
A statistical elaboration of the data was performed using the OBM SPSS Statistics 21.0 package for Windows (SPSS, Chicago, USA). Data processing and evaluation were performed using Drigin 9.0 software (DriginLab Corporation, Northampton, MA, USA). 
Results and discussion
Total ion chromatograms for Crystal distilled grape spirits were generated by SBSE coupled with GC-MS (Figure 2 ). Eighty-six volatile compounds were identified and quantified, including 39 esters, 16 volatile alcohols, 14 acids, 4 terpenes, 5 alkanes, 1 benzene derivative, 5 carbonyls and 1 other. Most of these volatile compounds have been previously reported in wines and distilled liquors (Varela et al., 2012) . The relative content, retention time (RT), odor threshold and an odor descriptor of each compound were listed in Supplementary file 1.
A total of 42, 46, 49 and 54 aromatic compounds were respectively identified in Crystal distilled grape spirits of 51%vol, 65%vol, 77%vol and 80%vol alcohol content, indicating that the number of aromatic compounds increased with the alcohol concentration increasing. Except that, the varieties of aromatic compounds also increased. This result was inconsistent with previous data (Gawel et al., 2007) , possibly because of the difference between alcoholic beverages and the difference of raw materials.
The composition and relative amounts of volatile aromatic materials varied in distilled grape spirits with different alcohol concentrations. As is shown in Supplementary file 1 and Figure 3 , both the number and content of esters increased significantly with the increase of alcohol concentration, while varieties of acids rose at first and then decreased. These results were similar to those in previous reports (Bartowsky et al., 2008; Knoll et al., 2011) . However, the total content of acids showed a dramatic declining trend with an increase in the alcohol content. Ot has been reported that acids are mainly produced during fermentation (Schreier & Jennings, 1979) . And Knoll et al. (2011) reported that levels of volatile fatty acids such as hexanoic and decanoic acid decreased once malo-lactic fermentation (MLF) had finished, indicating that control of the alcohol concentration cannot be neglected during the distilled spirits making process. Furthermore, no significant changes in volatile alcohols and carbonyls contents were observed, the same as the results reported by others (Knoll et al., 2011) . The alkane content increased obviously when the alcohol content was higher than 77%vol. Benzene derivatives were only detected in 51%vol and 66%vol alcohol content spirits. On addition, no terpene was detected in the 80%vol content spirits. A low contents (lower than 10%) of volatile alcohols, alkane, benzene derivatives, carbonyls and terpenes were observed in distilled grape spirits with 4 different alcohol contents. Generally, esters and acids were the most abundant groups in the aromatic components of Crystal distilled grape spirits. This is similar to the results from Zhang et al. (2007) , who reported that acids were the most abundant aromatic compounds in wine. However, Diéguez et al. (2005) reported that terpenes (like β-pinene) and volatile alcohols (like citronellol) were intensive for Orujo Spirits. Volatile alcohols were also reported as the primary aroma components for banana spirits (Capobiango et al., 2015) , raspberry, strawberry, and mulberry wines (Feng et al., 2015) . This means different spirits made out of different materials could be characterized by different properties. Fermentation details, such as yeast species, could also yield totally different results (Zhao et al., 2012) . A total of 19 primary compounds that are important to the flavor development were detected in all Crystal distilled grape spirits with 4 different alcohol concentrations: isomyl acetate, ethyl hexanoate, ethyl caprylate, diethyl succinate, phenylethyl acetate, ethyl laurate, dibutyl phthalate, dipropyl phthalate, isoamylol, trans-9-antihexadecenol, caprylic acid, palmitic acid, palmitoleic acid, pentadecanoic acid, (z,z)-9,12-octadecadienoic acid, myristic acid, dodecanoic acid, capric acid and 1,1-diethoxyethane. Most of these substances have been previously reported by other workers (Varela et al., 2012) . Among the 19 primary flavor development materials, the relative percentage contents of ethyl caprylate, dibutyl phthalate and caprylic acid were in the top 10. These compounds were generally considered to have fruity, floral, sweet and fatty aromas in wine (Wen et al., 2014) .
Nine similar compounds were detected in the distilled grape spirits at the 4 different alcohol concentrations: ethyl hexanoate, ethyl caprate, ethyl caprylate, terpineol, phenylethyl acetate, ethyl laurate, isoamylol, capric acid and caprylic acid, representing a green apple/strawberry flavor, fatty flavor/fruity flavor, fruity/fennel flavor, lilac flavor, rose flavor, fruity/floral flavor, bitter almond /astringent flavor, rose flavor and cotton candy flavor respectively. Therefore, the characteristic aromas of the Crystal distilled grape spirits were preliminarily identified as rose flavor, strawberry flavor and fruity flavor.
Principal Component Analysis (PCA) of volatile compounds
On order to compare changes of the aromas and to determine potential relationships among the substances measured, principal component analysis (PCA) was employed to identify the components which could be responsible for the aroma content of distilled grape spirits. The number of principal components was determined when the cumulative contribution rate was above 90%.
As Table 2 shown, the cumulative contribution rate of the 3 principal components was 100%, indicating that the contribution rate of the aroma-producing substance was centralized and the cumulative contribution rate increased significantly.
The characteristic aromas were intense. Furthermore, the cumulative contribution rate of the first 2 principal components accounted for over 90.3834% of the total variation, indicating that the loss of information of volatile substances in the 4 samples was only 9.6166%. Therefore, F1 and F2 were selected as the cumulative compounds. Table 4 showed that the principal components of the aroma compounds in distilled grape spirits at 51%vol, 65%vol, 77%vol and 80%vol alcohol concentration were F1, F1, F2 and F1, respectively. F2 as the y-coordinate. The PCA indicated that the different aroma components could generally be distinguished based on their volatile composition. As shown in Figure 4 , the first two principal components (F1 and F2) explained 59.69% and 30.69% of the total variation, respectively. The aroma components were sorted into four main groups in the first and second principal components. Aroma components that affected the distilled grape spirits of 51%vol, 65%vol, 77%vol and 80%vol alcohol concentration were mainly distributed in the 3, 2, 1 and 4 quadrants, respectively.
The first group of the 51%vol alcohol spirits included 2 acids and 1 volatile alcohol, representing unpleasant fat flavor, cheese/stale flavor and cotton candy flavor, respectively. These compounds were located at negative values of both F1 and F2. Components in the 65%vol group were located at negative values of F1 and positive values of F2. Terpineol was present at a high concentration with lilac flavor, while the concentration of phenylethyl acetate was low and conferred rose flavor (Table 3) . Components in the 77%vol group were located at positive values of both F1 and F2. The concentrations of isoamylol (bitter almond /astringent flavor), damascenone (rose flavor) and (E)-nerolidol (rose/keiskei/apple blossom flavor) were high while the concentration of decanol, conferring a neroli/specific light grease flavor, was slightly lower. The 80%vol group comprised 6 esters which were located at positive values of F1 and negative values of F2. Concentrations of these components were low and correlated mainly with fruity flavor (Table 3 ).
On conclusion, the esters were mainly located in the fourth quadrant, while most of the acids presented in the first quadrant (Figure 4) , indicating that ester content obviously increased and that the acids significantly decreased with the increasing of alcohol content. The volatile alcohols in the third quadrant were higher than that in the other quadrants, indicating that the content of volatile alcohols in sample of 77%vol alcohol concentration was higher than the others. Aroma components that affected the distilled grape spirits of 51%vol alcohol concentration were mainly an unpleasant fat flavor and a cheese flavor, while the 65%vol sprit was characterized by floral flavor. Rose flavor, apple blossom flavor and neroli flavor were the main flavors in 77%vol spirit while fruity and floral flavors were obvious in 80%vol spirits. These were similar to the previous studies, in which the floral and fruity flavors were also described as the main aroma characteristics (Diéguez et al., 2005; Zhao et al., 2012) .
Variation analysis and evaluation of odor profiles
Compounds with similar odor description were grouped, and six aromatic series of odors were established (Table 3) . Variation analysis and evaluation of odor profiles were shown in Figure 5 . The fruity was the strongest in the 6 aromatic series, followed by floral, then fatty. This result was consistent with previous data for spirits and brandies (Diéguez et al., 2005; Zhao et al., 2012) . For instance, Diéguez et al. (2005) reported that herbaceous, floral and fruity were strong in Commercial Galician Drujo Spirits, while Zhao et al. (2012) found that fruity and floral were typical odor profiles for freshly distilled Chinese brandy. Same phenomenon can also be found for some wines and cultivars (Wen et al., 2014; Serradilla et al., 2010) . There may also be some little differences in the spirits odor profiles for different samples. For example, expect fruity, odors of vanilla, woody and green were also said critical for the aroma of brandy (Caldeira et al., 2002) . Ot is possibly because of the different materials, brewing environment, time and the techniques adapted, such as the ripening processing in oak barrel (Li & Beta, 2011) . Wen et al. (2014) reported that green was the most intense odor characteristic followed by floral and citrusy odors in cherries.
The 51%vol alcohol concentration treatment enhanced the fatty, chemical and sweet characteristics, but contents of fruity and floral flavors were low. Fatty, cheese and bitter almond flavors have important effects on the aroma characteristics of this sample. Fatty, chemical and sweet characteristics are mainly due to acids, esters and volatile alcohols such as capric acid, caprylic acid, phenylethyl acetate and isoamylol. A low concentration of acids will give the liquor light pleasant fragrance, but an excess concentration of acids may have a negative effect on the wine aroma quality (Fariña et al., 2015) . On sample of 65%vol alcohol concentration, the fatty, sweet and chemical characteristics were weaker than those in the 51%vol spirits, and a higher odor intensity of fruity and floral was observed. This was in agreement with the findings of previous research that alcohol can alter the perception of 'sweetness' (Nurgel & Pickering, 2006) . Meillon et al. (2010) also reported an increase in 'harmony' of red wine with a partial alcohol reduction, which is the same as the findings in this study. Spirits of 65%vol alcohol content were more fragrant than the 51%vol. Capric acid (fatty) and phenylethyl acetate (fruity, floral and sweet) made an important contribution to the flavors in distilled spirits (Table 3) . Damascenone and terpineol made a positive contribution to the integral aroma of the 65%vol alcohol content spirits. However, the contributions of all 6 aroma series to liquor aroma were relatively low in general. Accordingly, the odor characteristics were not very obvious. Esters, such as ethyl caprylate and ethyl decylate, were the main volatile aroma substances in distilled grape spirits of 80%vol alcohol. Floral and fruity flavors were also very strong but the content of the other odor series was low. This result was inconsistent with previous results of King et al. (2013) that alcohol reduced the perception of the floral aroma while enhancing the chemical aroma. There was a maldistribution of aroma substances in this sample. The elements of the aroma were simple and the distilled spirits were not fragrant.
A higher content and a greater variety of esters in the 77%vol alcohol spirits made the floral odor richer and more complex. A small quantity of acid contributed freshness to the overall aroma. A significant drop in fatty and chemical odors is indicated in Figure 5 . The floral and fruity aroma obviously increased as the alcohol concentration decreased, confirming the results of Meillon et al. (2010) that the removal of alcohol from wine also reduced the 'fruity' aroma. However, Goldner et al. (2009) and King et al. (2013) reported that ethanol suppresses the 'fruity' aroma. The flavors of rose and apple, mainly from ethyl decylate and ethyl caprylate, became the main aroma in the distilled spirits. The contents of all 6 aromatic series of odors were moderate and complementary, making the overall aroma rich and balanced.
Conclusions
On this study, significant differences in the odor profiles, aroma content and varieties of different samples were observed. The ester content increased with the alcohol concentration increasing, while the acid content dramatically decreased. No terpene was found in of 80%vol alcohol spirits, and alkanes increased obviously in 77%vol alcohol spirits. Fruity was the strongest of the 6 aromatic series of odor and distilled grape spirits and the spirit of 77%vol alcohol content was the most fragrant with complex and moderate aromatic odors. The control of the alcohol concentration in distilled spirits making process was confirmed to be critical and beneficial to the formation of the aroma substances. Volatiles in spirits, which were made from the same homogenized grapes, showed significant differences in some respects. Ot's interesting and unusual to some extent. Further systematic experiments are necessary to study the influencing mechanism of alcohol on the volatiles and to determine the optimal alcohol concentration for the production of distilled Crystal grape spirits. Besides, the thresholds change dramatically with different alcohol levels, more research is needed to study the thresholds properties of the distilled Crystal grape spirits. Except that, it is also necessary to assess whether these effects are similar for other distilled spirits.
